The sensitive method for the simultaneous determination of eight atypical antipsychotic drugs (risperidone, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonanserin) in human serum has been developed based on a high-performance liquid chromatography-tandem mass spectrometry (LC/MS/MS) with electrospray ionization (ESI). The chromatographic separation was performed on a Mightysil-RP-18 MS column (2.0 mm × 150 mm, particle size 3 µm). The mobile phase consisted of 10 mM formic ammonium buffer (pH 6.0) and acetonitrile and was delivered at a flow rate of 0.20 mL/min. The triple quadrupole mass spectrometer was operated in positive ion mode, and multiple reaction monitoring was used for drug quantification. Solid-phase extraction of the eight antipsychotic drugs added to the human serum was performed with an Oasis ® HLB extraction cartridges column. The method was linear for the investigated drugs over the concentration range of 20 -100 ng/mL. The recoveries of these drugs were in the range of 81.3% -140%. The intraday and inter day standard deviation (SD) values for all analytes were <0.10. Therefore, the selectivity, accuracy and precision of this method are sufficient for clinical and forensic studies. This simultaneous screening method will be also applicable to analyze other atypical antipsychotic drugs.
Introduction
The atypical antipsychotic drugs are one of the groups of antipsychotics used to treat psychiatric conditions. They are prescribed much more frequently now and became a first-line agent for schizophrenia as they show less side-effect than the primarily used typical antipsychotic drugs [1] . These drugs are metabolized by the liver extensively and excreted into the urine in animals and humans.
In forensic toxicology, atypical antipsychotics are of considerable interest because of their abusive potential such as their involvement in intoxications and suicides. In recent years, because several new drugs dosed at low levels have also become available, there has been an increasing need of analytical methods in order to analyze biological samples. Fatal poisoning due to these drugs is often reported. Because of their combination misuse or excessive dosage, various intoxication cases have been reported to date [2] [3] [4] [5] . Therefore, it is important to develop a simple and sensitive way to analyze these drugs.
Several methods for the determination of atypical antipsychotic drugs using high-performance liquid chromatography (HPLC) [6] , LC/MS and LC/MS/MS have already been reported [7] [8] [9] [10] [11] . However, the simultaneous determination of eight of them (risperidone, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonanserin) using LC/MS/MS has not been seen.
Here for the first time, we developed a selective and sensitive way to determine eight atypical antipsychotic drugs at the same time, and a simple method for solid-phase column extraction of the drugs from human serum using an Oasis ® HLB cartridge column.
Experimental Procedures

Chemicals
Eight atypical antipsychotic drugs were examined in this study. 
Preparation of the Standard Solutions and Calibration Standards
Individual stock solutions of the analyte compounds at a concentration of 1 mg/mL were prepared in methanol (stable for at least three months when stored at −20˚C). Serum standards were prepared with concentrations of 20, 40, 60, 80
and 100 ng/mL of each compound by diluting appropriate aliquots of the stock solution with drug-free serum (normal human serum). The calibration curves were obtained by simple linear regression analysis of each drug's concentration and corresponding peak area ratio. The regression equations for the eight atypical antipsychotic drugs extracted from human serum are based on the ratio of peak area of each drug to that of the IS.
Apparatus and Chromatographic Conditions
LC/MS/MS experiments were performed with an HPLC system, which consisted of Shimadzu LC-20AD pumps (Shimazu, Kyoto, Japan), a SIL-20ACautosampler
(Columbia, MD, USA) and the 4000QTRAPmass spectrometer (Applied Biosystems, Foster City, CA, USA).
The chromatographic separation was performed on a Mightysil-RP-18 MS column (2.0 mm × 150 mm, particle size 3 µm; Kanto Chemical Co., Inc., Tokyo, Japan) with a guard cartridge (2.0 mm). For the gradient elution, two solvents were used: (A) 10 mM formic ammonium buffer, pH 6.0 and (B) acetonitrile.
The mobile phase composition was held initially at 60% (A) for 20 min and then changed during the linear gradient elution from 60% (A) to 30% (A) over 10 min. The mobile phase was then returned to 60% (A) over 5 min for the next run. The flow rate was set to 0.20 mL/min and 10 µL of sample was injected for each analysis. The column and autosampler were maintained at 37 and 4˚C, respectively.
All experiments were conducted in the positive ion electrospray mode. The
TurboIonSpray source was operated at 600˚C with the capillary voltage set at 5500 V. Nitrogen was used as the nebulizer gas, curtain gas (40 psi) and collision gas (4 psi). The collision energy was set between at 20 and 35 V. The instrument was used in Multiple Reaction Monitoring (MRM) mode (Table 1) .
Extraction Procedure of the Drugs from Human Serum Using an Oasis ® HLB Cartridge Column
The human serum samples were stored at −20˚C until analysis. These samples were analyzed to determine possible endogenous interferences and were used as "blanks". An Oasis ® HLB cartridge column with a capacity of 1 mL was placed in an Agilent VacElut system (Agilent Technologies, CA, USA). Each column was activated by washing with 1 mL of methanol followed by 1 mL of water.
K. Tonooka et al. Five microliters of phosphoric acid and 500 µL of water were added to 1.0 mL of human serum containing 20 -100 ng of each of the eight atypical antipsychotic drugs and 100 ng clozapine-d 4 (IS). The mixture was applied to the Oasis ® HLB cartridge column and allowed to pass through. The column was then washed with 1 mL of 2% ammonium hydroxide in a 10% methanol solution. The atypical antipsychotic drugs were eluted with 1 mL of a methanol: 2% acetic acid (70:30) solution. The eluent was dried under N 2 gas at 40˚C. The residue was dissolved in 200 µL of mobile phase, and an aliquot (10 µL) was then analyzed by the chromatographic system.
Linearity, Accuracy, Precision, and Recovery
For the evaluation of the linearity of the standard calibration curve, the analyses of the eight atypical antipsychotic drugs in serum samples were performed on three separate days using freshly prepared samples and solutions. The calibration curves were prepared over a linear range of 20 -100 ng/mL using five concentrations (20, 40, 60, 80 and 100 ng/mL).
The intraday assay precision and accuracy were obtained by analyzing six aliquots of the quality control samples in duplicate using a calibration curve constructed on the same day. The inter day assay precision and accuracy were evaluated by six replicate determinations for each concentration with solutions made on different days. The recoveries were calculated by comparing the chromatographic peak areas obtained from the extracts of the serum samples (containing the eight atypical antipsychotic drugs and the IS) with those obtained by extracting the drugs from water instead of serum.
Stability
The stability of the eight atypical antipsychotic drugs and the IS in serum was investigated at various concentrations. Freshly prepared samples were evaluated 
Limits of Detection and Quantification (LOD and LOQ)
The limit of detection (LOD) was determined from the injection volume required to produce a peak with a signal/noise ratio of at least 3:1. The limit of quantification (LOQ) is the lowest concentration on the standard curve which can be measured with acceptable accuracy (standard deviation, SD < 0.10). The LOQ for the eight drugs in serum was determined by LC/MS/MS with ESI after solid-phase extraction (Oasis ® HLB).
Results and Discussion
Selectivity and Chromatography
Clear separation peaks of eight drugs by LC/MS/MS were seen on the chromatograms ( Figure 1 ). The positive ion electrospray mode was selected, optimal collision energies were optimized for each drug ( Figure 2 Figure 2 ).
Linearity, Accuracy, Precision, and Recovery
The calibration curve (the ratio of the peak area and the concentration of each drug) was linear over the concentration range of 20 -100 ng/mL. The coefficients of determination (r) from the regression analyses of the drugs were between 0.9177 and 0.9986 (Table 2 ).
Nirogi R. V. et al. [11] developed a method for the determination of atypical antipsychotic drug in human plasma by LC/MS/MS with ESI. Following liquid-liquid extraction, the recovery was approximately 85.5% (±1.9%) for olanzapine.
In the our LC/MS/MS with ESI method for simultaneous determination of eight atypical antipsychotic drugs, the SD values were always lower than 0.10 for the intraday, inter day and total assay reproducibility, showing the acceptable precision of this method. No significant interferences were also observed at the retention times of the analytes and IS, indicating its high selectivity. The recoveries of the drugs were ranged from 81.3% to 140% (Table 3 ) and the matrix effect was insignificant.
Stability
A stability study was conducted to determine the best storage temperature for the serum samples. The results indicated that the eight drugs and the IS were stable up to 12 h at room temperature. Furthermore, these drugs were stable up to three weeks when stored at 4˚C and −20˚C. Therefore, all extracted samples were stored refrigerated at 4˚C for same-day analysis, whereas serum samples were frozen at −20˚C until they were analyzed by LC/MS/MS.
LOD and LOQ
The LODs of risperidone, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonanserin were 0.00071, 0.031, 0.015, 0.046, 0.017, 0.0057, 0.012 and 0.027 ng/mL, respectively and the LOQs of the eight drugs were 20.0 ng/mL (Table 3) . American Journal of Analytical Chemistry These results suggest that the detection sensitivity of this method is acceptable for the determination of therapeutic concentrations of these drugs (for example, therapeutic concentration of risperidone is 0.002 -0.02 µg/mL).
Fisher D.S. et al. [8] developed a method for the determination of some antipsychotic drugs (olanzapine, quetiapine, clozapine and aripiprazole) in human plasma and serum by LC/MS/MS. Koo T. S. et al. [10] developed a method for the determination of atypical antipsychotic drug in rat plasma by LC/MS/MS.
The LOQ was approximately 2.0 ng/mL for lurasidone. Nirogi R. V. et al. [11] developed a method for the determination of atypical antipsychotic drug in hu- In our experiments, the LOQs in serum were 20 ng/mL for risperidone, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonanserin.
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Conclusions
In gas chromatography-mass spectrometry (GC/MS) analysis, it is necessary to gasify the sample and the analyzable samples are limited to relatively low molecular gas, volatile compound or thermally stable compound. In LC/MS/MS, it is possible to analyze difficult to volatile compounds and thermally unstable compounds as long as they are dissolved in the mobile phase, which has the advantage that the application range of analytical samples is wider than GC/MS [12] .
We developed a sensitive and specific LC/MS/MS method for the simultaneous detection and quantification of eight atypical antipsychotic drugs (risperidone, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonanserin) in human serum. Samples were treated prior to the analysis, by solid-phase extraction with an Oasis ® HLB cartridge column. By using this method, samples were separated with sufficient sensitivity, precision and accuracy and will be useful for the determination of the blood levels of atypical antipsychotic drugs in clinical and forensic investigations.
